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which OSA cannot be defi nitively diagnosed (i.e., a study resulting in an apnea-hypopnea index [AHI] below 5 events per hour) in patients with a high pretest probability of a diagnosis of OSA poses a signifi cant challenge. Published data estimate that rates of technically inadequate studies from signal loss range from 3% to 18%, depending upon who sets up the device (technician vs. patient) and the type of device used. 7 Even when HST is set up by a technician, data loss can still occur because the study is unattended, and signals can be lost overnight. In addition, a false negative rate of up to 17% has been reported. 6 AASM guidelines state that "negative or technically inadequate (TI) portable monitor tests in patients with high BRIEF SUMMARY Current Knowledge/Study Rationale: Home sleep tests are becoming the fi rst line diagnostic tool for identifying patients with OSA. As a result, understanding patient factors associated with PSG diagnosis of OSA among those not diagnosed with HST will facilitate improved triage and allocation of resources in health care systems. Study Impact: This study suggests that older patients are more likely to require PSG if OSA is not diagnosed with HST. Cost-effectiveness research is needed to evaluate the utility of HSTs in subgroups of patients who are more likely to require a PSG.
Study Objectives: Home sleep testing (HST) is an accepted alternative to polysomnography (PSG) for diagnosing obstructive sleep apnea (OSA) in high-risk populations. Clinical guidelines recommend PSG in cases where the HST is technically inadequate (TI) or fails to establish the diagnosis of OSA in patients with high pretest probability. This retrospective study evaluated predictors of OSA on PSG within patients who had a TI or normal HST. Methods: Electronic medical records were reviewed on 1,157 patients referred for HST at our sleep center. Two hundred thirty-eight patients had a TI or normal HST with subsequent PSG. Age, BMI, Epworth score, HST result, and PSG-based apnea-hypopnea index (AHI) were abstracted. Results: Two hundred thirty-eight consecutive patients with either a normal HST (n = 127) or TI HST (n = 111) underwent subsequent PSG. Of 127 who had a normal HST, 76% had a normal PSG and 24% had OSA (23 mild, 6 moderate, 1 severe). Of 111 who had a TI HST, 29% had a normal PSG and 71% had OSA (43 mild, 19 moderate, 17 severe). Individuals younger than 50 years old with a normal HST were more likely to have a normal PSG. Older age predicted diagnosis of OSA on PSG among individuals with a TI HST.
Conclusion:
In this retrospective analysis of a clinical sample, when the HST is interpreted as normal in a younger patient population, the subsequent PSG is likewise normal in majority of the patients, although signifi cant OSA is sometimes discovered. When a HST is read as TI, the majority of patients have OSA. O bstructive sleep apnea (OSA) is a common medical condition affecting 10% of men and 3% of women aged 30-49 years and 17% of men and 9% of women aged 50-70 years. 1 Many cases in the population are yet undiagnosed.
2 Home sleep testing (HST) is quickly becoming a primary diagnostic tool for sleep apnea in high-risk populations due to ease of access as well as third-party payer requirements. Although polysomnography (PSG) remains the "gold standard" for diagnosing OSA, HSTs are considerably less expensive to administer, usually more comfortable for the patient, and are associated with equal CPAP adherence outcomes when compared with PSG. [3] [4] [5] In 2007, the American Academy of Sleep Medicine (AASM) published guidelines regarding the use of unattended portable monitors for the diagnosis of OSA. 6 These guidelines indicate that HST should be performed only in individuals at high risk for OSA, after a comprehensive sleep evaluation by a practitioner who is board certifi ed (or board eligible) in sleep medicine, for the patient to be educated by a sleep technologist or technician on how to use the HST device, and for the raw data to be reviewed and interpreted by a practitioner who is board certifi ed (or board eligible) in sleep medicine.
As the use of HSTs increases, the occurrence of data loss leading to a technically inadequate (TI) study or a study in S C I E N T I F I C I N V E S T I G AT I O N S pretest probability of moderate to severe OSA should prompt in-laboratory evaluation." There are challenges with this approach, however, since retesting due to a TI or negative HST study can result in delays in both the diagnosis and treatment of OSA and may lead to unnecessary testing. To better understand patient level factors associated with the presence of OSA among patients with either a TI or normal HST, we conducted a retrospective electronic medical record review among consecutive patients in a VA Sleep Disorders Center experienced in the use of HST. The goal of this study was to compare the results of a normal or technically inadequate HST to the results of a subsequent PSG to identify predictors of OSA based on a laboratory PSG study. We hypothesized that older age, more daytime sleepiness, larger neck circumference, higher body mass index (BMI), and male gender would be associated with a greater likelihood of OSA based on PSG after a negative or technically inadequate HST.
METHODS

Participants
A retrospective electronic medical record review was performed via the Computerized Patient Record System (CPRS) at the VA Greater Los Angeles Healthcare System (VAG-LAHS). Records were reviewed consecutively for all veterans referred to the sleep disorders center who had both HST and subsequent PSG performed from January 2010 to December 2012 (n = 271). As indicated in the AASM guidelines, all HST referrals were made by sleep specialists within the Center. A total of 1,557 patients had HSTs performed between 2010 and 2012, and 238 patients met inclusion criteria for this study (Figure 1) . The inclusion criteria included (1) patient completing both home sleep testing (Stardust, Philips Respironics) and diagnostic polysomnogram (Somnostar, Viasys) from January 2010 to December 2012 and (2) patients with a high pretest probability of OSA including one or more of the following features: BMI > 25, snoring, or daytime sleepiness as described in the electronic consults to the sleep disorders center from the primary care team. Exclusion criteria were (1) home sleep testing with equipment other than the Stardust device or (2) PSG performed for purposes other than diagnostic testing for OSA (e.g., to rule REM behavior disorder or central sleep apnea).
Patients were instructed on use of the Stardust home sleep monitor as per the clinical protocol at the VAGLAHS sleep center, which includes the patient coming in to the sleep center and having one-on-one instruction with a respiratory therapist. The patient is shown the components of the home sleep test device, how to turn the device on and off, and how to place the device on themselves. During the instructional period, the patient applies the effort belt and flow sensor on themselves and then removes them. The patient is also shown how to affix the oximetry probe. The patient is sent home with additional instructional materials regarding the device, including a pamphlet and an instructional DVD. Data collected from the medical recorded included age, gender, race/ethnicity, body mass index (BMI), collar size, Epworth Sleepiness Scale (ESS), 8 documented outcome of the portable HST indicating a normal HST (with AHI < 5) or a TI HST (i.e., one that could not be interpreted due to signal loss or insufficient study time), and the AHI of the subsequent polysomnogram. The HSTs were evaluated by sleep medicine physicians (board certified or board eligible) for adequacy of data and determination of the presence or absence of OSA. During this period of record review, HST studies were documented in the medical record as diagnostic of OSA, normal, or TI. However, the AHI was not routinely documented in the medical record and therefore could not be included in this study. Studies were typically considered TI due to signal loss during the night; however, the level of detail documented in the medical record about which signals were lost varied by clinician. In this clinic, one repeat attempt is made for TI HSTs prior to referral for PSG. If this occurred, the status of the second HST was included in the database. If the HST was read as TI for a second time, the patient was scheduled for an in-laboratory PSG. All patients with normal HSTs were sent for PSG without a repeat HST. All PSGs were scored per AASM guidelines and interpreted by a board-certified sleep medicine physician. This study was reviewed and approved by the VAGLAHS institutional review board, and a waiver of informed consent was obtained.
Statistical Analyses
Outcome Variables
The main outcome variable was the presence of any obstructive sleep apnea (OSA), defined as a PSG AHI ≥ 5. Values of 5 or larger were coded as 1 (any OSA) and values < 5 were coded as a 0 (no OSA). For descriptive purposes (see Table 1 ), PSG AHI was also used to categorize OSA using the following 4 categories: (1) AHI of 0 to (but excluding) 5: no OSA; (2) AHI of 5 to (but excluding) 15: mild OSA; (3) AHI of 15 to (but excluding) 30: moderate OSA; and (4) AHI of 30 and above: severe OSA.
Predictor Variables
The predictor variables included HST technical adequacy (discussed further below), age, gender, BMI, collar size (inches), and ESS. Race/ethnicity was considered, but was ultimately omitted due to a large percentage (16.6%) of missing race/ethnicity information in the medical record.
HST technical adequacy was classified as Normal (n = 127) or Technically Inadequate (TI; n = 111). Comparisons between these 2 groups were performed using t-tests (for continuous variables) and Fisher exact tests (for binary and nominal variables).
Binary logistic regression models were formed predicting the presence of OSA (AHI ≥ 5) as a function of the previously described predictors. Two model-building strategies were used. Strategy 1 began with a full model (including all predictors listed above), and the nonsignificant predictors were manually removed one at a time until only significant predictors remained. Strategy 2 began with an empty model and then manually added candidate variables, retaining variables that were significant until no more significant variables were found to enter. All analyses were performed using Stata version 13.1. 9 The logistic regression analyses were computed using the logit command. For all tests performed, p < 0.05 was considered statistically significant.
RESULTS
Descriptive statistics in the form of means and standard deviations (for continuous variables) and percentages and frequencies (for binary and nominal variables) are displayed in Table 1 . The results are presented for the overall sample (n = 238), as well as the Normal (n = 127) and Technically Inadequate (TI; n = 111) groups. This includes overall AHI as well as REM AHI in the subset available and RDI. Comparisons of the 2 groups showed those with TI tests were older (p < 0.001), had higher BMIs (p = 0.003), larger collar sizes (p = 0.002), were less sleepy (p = 0.045), and had higher average PSG AHI scores (p < 0.001). There were also significant differences in the frequency distribution of the PSG AHI categories between the 2 groups (p = 0.001). Table 2 To seek a more parsimonious model and one that is simpler to visualize, ESS was omitted based on being the weakest of the 3 predictors. In this model, the odds of OSA for those with technically inadequate HSTs was 6.3 times that of those with normal HSTs (CI [3.4, 11.5], p < 0.001) and older age was associated with a higher odds of OSA as well (OR = 1.03, CI [1.01, 1.06], p = 0.001). To aid in the interpretation of these results, Figure 2 shows the probability of any OSA (AHI ≥ 5) with a 95% CI as a function of age with separate lines for tests that were TI and normal. The figure shows how the probability of having any OSA (AHI ≥ 5) differs between those with TI and normal HST at any specified age. For example, at age 40 the modeled probability (as a percentage) of having any OSA (AHI ≥ 5) for those with a TI HST was 58% (95% CI [46%, 71%]) compared to 18% (95% CI [11%, 25%]) for those with a normal HST.
DISCUSSION
This study describes a clinical implementation of the AASM guidelines regarding use of PSG after normal or TI HSTs in patients with a high pretest suspicion for OSA. To date, the available data supporting the use of PSG after a negative home sleep test comes mainly from validation studies of portable monitoring devices, performed in prospective studies, often of nonclinical samples, which show a false negative rate of 3% to 18%. 7 This study attempted to identify predictors of "true The probability of AHI > 5 on PSG is higher among patients with a technically inadequate tests, and increases as a function of age in both groups.
negative" results in the HST as determined by laboratory PSG. We found that within our VA population, when the HST was interpreted as normal by a sleep medicine physician, the subsequent PSG was likewise normal or of mild severity in the majority of patients. However, 5.5% of patients with a normal home sleep were diagnosed with moderate to severe OSA. All individuals with a normal HST and an AHI > 15 were 56 years of age or older. This is in contrast to a previous study by Bixler and colleagues, 10 who found a higher prevalence of OSA in a younger male patient population but that the most severe OSA occurred in young subjects and milder OSA was seen in older patients. A possible explanation for this difference is the difference in the populations sampled. The Bixler study encompassed a large unscreened epidemiologic sample rather than a prescreened sleep disorders clinic population.
Also, in our study, lower BMI and smaller collar size were not significant predictors of a true negative HST, although multiple other factors such as hypertension, additional measures of body habitus, and more detailed questionnaires regarding witnessed apneas or snoring were not collected and therefore could not be included as possible predictors. Prior studies have typically shown BMI as a strong predictor for the presence of OSA
11
; however, the average BMI in our study was below the cutoff BMI of 32.7 kg/m 2 which was predictive of OSA in a study of young commercial truck drivers, so this may account for the differences in our findings for the younger patients. 12 Interestingly, the ESS was higher in the group of patients with a normal HST and a PSG with AHI < 5 when compared to individuals with a normal HST and OSA diagnosed on the PSG. This may be unique to the VA population studied due to the multiple comorbid conditions in the younger veteran population who have a high prevalence of traumatic brain injury, depression and posttraumatic stress disorder possibly causing daytime sleepiness. Some comorbid conditions may also lead to poor sleep in the sleep laboratory (e.g., PTSD), which could increase the rate of negative studies if sufficient sleep is not achieved for a definitive diagnosis. Further research would be necessary to evaluate this hypothesis. In addition, some studies show that multiple nights can increase the accuracy of HST in the diagnosis of OSA and we recorded only one night if the study was normal (although a second attempt was made if the HST was TI). One study found that 10% of patients were misclassified as having a normal AHI when an abnormal AHI was detected on a subsequent night of study. 13 Other limitations of this study include the inclusion of only a veteran population which consists predominantly of male patients and the absence of AHI documentation from the HST, which precluded any analyses using this variable. It is unclear if the findings would be consistent in female patients, who have a lower prevalence of OSA and may have different challenges with the use of HST equipment.
When the HST was interpreted as TI, the majority of patients had OSA, with 32.4% of the group having moderate-to-severe disease. Older age also predicted having OSA. Older age may account for more difficulty with using the home sleep monitor due to poorer dexterity or cognitive limitations, although prior data has shown that HSTs are suitable in an elderly population. 14 The elderly veteran population in the Greater Los Angeles area may be different. For example, there may be less spousal and family support as well as high rates of cognitive impairment and comorbid diseases. The use of a simpler device or having a technician hook-up the device at the patient's home might mitigate this problem and lead to fewer technically inadequate studies in older patients.
To our knowledge, this is the first study to report the clinical implementation of the AASM Guidelines regarding PSG subsequent to nondiagnostic home sleep testing for OSA. Due to the large volume of patients studied at our institution as well as the 5-to 8-month waiting period for a full PSG, it is important to delineate factors which would identify a subset of patients for whom a subsequent PSG may not be necessary after a negative HST. Likewise, our results suggest that the subset of patients with TI HST who are older should be considered highest priority for PSG as they are most likely to have severe OSA. Further prospective studies utilizing additional predictive criteria including aspects of care that may reduce rates of TI HST are needed. In addition, future studies on the cost/benefit ratio for strategies of triaging patients initially to HST or PSG are necessary to confirm and build upon our findings.
